The article asks why and how Hannah Arendt framed The Human Condition as a history of modern science. It answers that, in telling the history of instrumental rationality and the work of the experimental scientist, Arendt accomplished three main things. First, by identifying science as a form of 'work' she could demonstrate the significance of her threefold division of human activity into labour, work and action, highlighting the dangers of their indistinction. Second, Arendt used the form of organization typical of scientists -a professional community founded on standards of objectivityto warn against the substitution of the appearance of publicity for true openness. Finally, she identified the transgression of the boundaries of action as the site where a political community might become visible to itself, taking the unsuccessful attempts of post-war 'public scientists' to reckon with their past as a cautionary tale. Her account of modern science thus allows her to define freedom through its dependence on human-made boundaries, politicizing the very act of history-writing.
medium through which she explores the problem of bounded action and its meaning for human freedom and the political community. As I will show, political action, the ultimate expression of freedom for Arendt, is constrained by its dependence on a world of things, on a unique form of objectivity and on the ability to distinguish between kinds of human activity. All three are linked through Arendt's focus on instrumental rationality of the kind epitomized in the work of modern scientists. The meaning of human boundaries and their transgression is revealed in the depth of world and earth alienation, a problem which frames The Human Condition not only as a history of science but more broadly as the history of the relationship between thinking and doing and between the limited public spaces of intellectual elites and a truly open, pluralist public realm.
As historians of science have recently suggested, a specific kind of mechanistic logic of 'things' forms a crucial piece in the story of the development of modern science. The final decades of the 19th century mark the heyday of an approach to science -from physics to economics -that organized knowledge by way of analogy from phenomena to small mechanical models. 2 Writing in the 1950s, Arendt's insistence that the 'thing character of the world' (HC, 93) opens a space for liberatory human action, echoes this story while problematizing it, and ultimately, politicizing it. From scientists' reliance on mechanical analogies, Arendt extrapolated an elementary form of human engagement with each other and with nature. From the crisis of 'things' and objectivity in science, she further drew a wider existential crisis of humankind. Finally, as a theorist of action and of narration as modes of self-actualization, she described a political sphere capable of telling the story of this crisis as a way to transcend it. All three moves relied on the underexplored link she drew between modern science and her category of 'work', the making of things through skill and design.
Arendt's history of modern science as a form of work is based on her unique division of all human activity into three categories: labour, work and action. This division, I propose, defines the very relationship between boundaries and freedom. 'Labour' includes those kinds of activity which attend to nature's processes of birth and decay, rendering human life indistinguishable from all other life. 'Action' describes the uniquely-human ability 'to take an initiative, to begin . . . to set something into motion' (HC, 177), the essence of Arendt's definition of freedom. 3 In between labour and action is the category of 'work': all activity related to the creation of things. The world of things, the source of all boundaries, makes room for action, over and above the life sustaining efforts of labour. In this way, Arendt's categories go beyond an exercise in classification, acting on each other in both constructive and destructive ways.
The project of thinking the boundaries of action is intertwined with Arendt's reflection on the meaning and significance of instrumentality in modernity. In that, her work resembles contemporaneous critiques of modern science and technology by Martin Heidegger and the Frankfurt School. 4 Nevertheless, it is a central contention of this article that Arendt is as much a defender of instrumentality as she is a critic. Instrumental rationality is crucial for setting up the infrastructure of the common world, for keeping boundaries and for creating a space for human relationships. Its crisis, and the threat to human action and freedom, stem from the inability in this way of thinking to account for the inevitable transgression of boundaries, and their consequent collapse.
Arendt's focus on the role of things in shaping the modern human condition further highlights the ongoing tension between doing and thinking, which permeates her entire project. The Human Condition famously sets off from the imperative, and increasing impossibility, to 'think what we are doing' (HC, 5). Contemplation, a form of thinking completely divorced from human activity, is the main culprit in what Arendt sees as the philosophical dismissal of human activity as valuable in its own right -a central motivation for her book. Other forms of thinking, however, carefully track Arendt's threefold division of human activity. In a striking passage, generally overlooked by readers, she paints a picture of the life of the mind, to name her important later work, almost perfectly analogous to the active life:
Thought and cognition are not the same. Thought, the source of art works, is manifest without transformation or transfiguration in all great philosophy, whereas the chief manifestation of the cognitive processes, by which we acquire and store up knowledge, is the sciences . . . The activity of thinking is as relentless and repetitive as life itself . . . Cognition . . . like fabrication itself, [is] a process with a beginning and end, whose usefulness can be tested, and which, if it produces no results, has failed . . . The cognitive processes in the sciences are basically not different from the function of cognition in fabrication; scientific results produced through cognition are added to the human artifice like all other things.
Both thought and cognition, furthermore, must be distinguished from the power of logical reasoning which is manifest in such operations as deductions from axiomatic or self-evident statements . . . In these human faculties we are actually confronted with a sort of brain power which in more than one respect resembles nothing so much as the labor power the human animal develops in its metabolism with nature. The mental processes which feed on brain power we usually call intelligence . . . Obviously, this brain power and the compelling logical processes it generates are not capable of erecting a world, are as worldless as the compulsory processes of life, labor, and consumption.
There is, therefore, a type of thinking which most closely follows the principles of work: cognition, the language of modern science or instrumental rationality. This threefold division of thinking also encapsulates Arendt's story of the dangerous decline, first of 'thinking' and eventually of 'cognition' itself, with the rise to dominance of the processlike forms of calculating 'intelligence'.
Why did modern science assume this form of thinking and then abandon it? In what follows, I show how a certain type of scientific praxis, rooted in more concrete forms of fabrication, gave rise to a way of thinking that closely resembled it. Arendt's account of science, in other words, leads her from the fabricated objects, experimental systems and even facts of science, as well as scientists' forms of social organization, to a broader scientific world view. It was their collapse that made way for their opposite: thinking recast as a form of labour.
Despite a recent turn to 'work' as well as the problem of science and technology in Arendt's thought, the two are often studied separately, 5 obscuring the complexity of her position on instrumental rationality. In the first two parts of this article, I examine what it means to see work as a boundary keeping activity, focusing on the three conditions, or boundaries, by which work must regulate itself: the creation of finite things (rather than the unleashing of infinite processes); the self-mastery of the artisan, applying herself only to that which she can control; and the limited public sphere in which things and mastery are exhibited.
In the third part, I turn to Arendt's account of modern science as a form of work, and, in her view, the most prominent site of modern transgressions. 6 Instrumental, experimental science -the product and sign of modernity -stands, in this account, as a threat to human action and a truly open public sphere, a threat even greater than the 'rise of the social' (the depoliticized, administrative state), which readers have most frequently cited. Modern science as a form of work and an instrumental logic was ultimately responsible for the subversion of action, precisely by adopting its main tools: organization, publicity and objectivity. Arendt's discussion of the immense power garnered by homo faber through her limited and exclusive public sphere, epitomized in the organization of modern science, thus stands as a warning against the unqualified embrace of any and all forms of a fabricated common world and the substitution of the appearance of publicity for true openness.
The final part of the article proposes a possible way out of the predicament of bounded action in modernity. One solution, I argue, can be found in between Arendt's categories of work and action, in the unique boundaries offered by the actions of promising and forgiving. The two actions go beyond the fabricated boundaries produced through work and have the power to limit and safeguard against the uncontrollable processes sparked by action. As actions, however, they require the presence of others and are in effect relationships (HC, 237). The task in the face of the transgression of human boundaries is, therefore, the opening up of a public sphere broad enough to allow a political community to reckon with its own transgressions and, possibly, to forgive itself. Under this interpretation, Arendt's attempt to tell her own, much criticized version of the history of modern science, finds its justification as just such an act of public reckoning.
Boundaries and transgression
Arendt's unique idea of work provides the basis for her account of the history of the modern world -which she narrates through the history of modern science, bringing together modern doing with modern thinking. As opposed to labour and action, work is a clearly delineated activity: bound by time, place and the plan of the worker, modelled after an artisan. As such, it allows Arendt to discuss the relationship between boundaries and freedom, between the three categories of activity, and -through the collapse of boundaries and interpenetration of categories -the movement of history itself.
As it stands between and against labour and action, work is defined as that activity which 'provides an "artificial" world of things;' 'within its borders' Arendt explains 'each individual life is housed, while this world itself is meant to outlast and transcend them all' (HC, 7). The work of homo faber takes its distinguishing marks from the process of fabrication, the making of things, which confer their unique characteristics on their makers: stability, permanence, autonomy, skill and mastery, design. The condition of work is therefore 'worldliness' in two separate senses. First, it could refer to the mode of work and its significance -to produce the human artifice, the accumulated and related sum of things of human, or artificial, making. Second, it describes the basic condition for the possibility of work -that it should take place within a world, that it should be of the world and preserve the latter as a world.
The world itself is 'distinctly different' from the life cycles and natural necessities which condition the activity of labour. The 'things' that make it up are distinct from the goods of subsistence and consumption that grow and decay with these processes. Labour and work comprise opposite relations to nature and life on earth: the first 'mixes' with it, sustains it and attends to the immediate needs it brings forth, while the second stands against it, opposes it and protects humans from its effects (HC, 136). Worldliness is also distinct from the plurality and immediacy of human relationships which are the conditions of action. Work and action, therefore, comprise different relations to the world, the first responsible for erecting it as a stable and permanent dwelling place for human life and the second for making that life truly human by establishing and maintaining relationships among its inhabitants (HC, 134; 41).
Finally, each of these activities differs with respect to its temporality. As an integral element of the life process, labour has 'neither beginning nor an end' (HC, 144). Work not only has a willed and controllable beginning but is generally oriented towards an end, as a purpose and as a finished process which ends with the finished product: 'to have a definite beginning and a definite, predictable end is the mark of fabrication, which through this characteristic alone distinguishes itself from all other human activities' (HC, 144). Action, which is fleeting and of no significant duration, can nevertheless serve as the beginning of something new, start a new process.
Combined, the categories of the vita activa make our life uniquely human. More often than not, however, they are at odds with each other, and it is their mutual clashing and invasion which shape history: a distinctly human history, moved by human agency and marked by events, rather than processes. Arendt's philosophy of history is, as I will show, founded on her threefold division of human activity. It is determined in large part by the integrity of the boundaries between activities and by their repeated contestation. As Bernard Flynn observes, 'Arendt characterizes an epoch in terms of the relative positions -dominant or subordinate -of the different spheres [of the vita activa] in relationship with one another', that is, on the changing hierarchy between labour, work and action. 7 As hierarchies shift, Flynn explains, labour, work and action lose something of their integrity. These shifts are characterized by the 'displacement of the defining characteristic of one sphere from one domain to another, and this displacement has the character of a transgression'. 8 As work rises to dominate action, for example, politics and freedom are themselves changed, as the erection of walls and laws takes the place of the spontaneous eruption of new collective forms. Similarly, when labour rises over work in modernity, all objects of permanence become transient, as instrumental thinking makes way for immediate consumption. 9 Should we therefore see the principle of bounded action as the fortification of rigid boundaries between the categories of activity? Patchen Markell has warned against this type of 'territorial' reading of Arendt's intentions. 10 The majority of readers, he claims, see action as a privileged category, the centre of Arendt's concerns, and one she shields from the dangerous invasions of work and labour. In this view, categorical-influence is a fundamental problem and Arendt's proposed solution is their sharp delineation and complete segregation of activities, as though separated by walls. 11 Markell, on the other hand, subscribes to a more fluid and porous interpretation, one that emphasizes the necessary overlap and codependence of activities. His reading relies on the centrality and importance of work for Arendt's project, reinterpreting the three categories as 'the fraught conjunction of two different pairs of concepts, labor and work, and work and action', or in other words: two main boundaries. 12 Though crucial in pointing the way to a re-examination of work and its significance, Markell's account, focused on the work of art and the role of appearances more broadly, obscures some unique features of work as a new mode of scientific production.
Rather than choose between a porous or territorial reading, in this article I point to the fundamental role work plays in our ability to make distinctions in the first place, and propose to see work, or fabrication, as the sphere of activity responsible for setting limits to all human activity. Positioned as it is between labour and action, work and fabricated things act as a boundary. Like all artefacts, moreover, boundaries take on two opposed meanings. They can act as rules and walls, separating activities and spaces and policing hierarchies. But they can also relate, bringing people together and allowing their views to converge and their stories to be told. 13 Consider for example Arendt's description of the Greek polis (an important example in Markell's reading) and the role actual walls had in defining not only public spaces but the very meaning of citizenship as the interaction of public persons, that had to emerge out of the hidden, private world of the household. 14 What makes categories stable on the one hand and porous, dialectic and vulnerable to destructive 'invasions,' on the other, is the degree to which they are rooted in human agency and human relationships. As products of human activity, the boundaries between activities are not merely their phenomenological manifestations nor are they an exercise in purely intellectual classification. For Arendt, human actors, not eternal and incomprehensible processes, shape both the course of history and its conditions of possibility (HC, 307; 42; 296), 15 as she makes manifest in the three personifications of the vita activa -the animal laborans of labour, homo faber of work and the 'man of action'. This agent-centred history further explains the important place of transgression in the story of modern science and world alienation and justifies, I believe, Flynn's use of this term to describe the relationships between categories. By incorporating her phenomenology of activity into a historical account, Arendt gives this history a wider normative and political significance. Her history of doing is filled with actors that are often described through their psychology, desires and weaknesses no less than their intellectual and practical efforts. By allowing people to move and condition her history in their actions, work and labour, Arendt creates a space in which questions of accountability may be discussed: the elusive accountability for technological development and the forms of thinking it promoted, and which promoted it in turn.
Homo faber and the conditions of work
Work stands within the vita activa as a bounded, boundary keeping activity. The fabrication process has a definite beginning and an end, it bestows a final form on ideas and artefacts, and can serve as a buffer and barrier. As nature and human affairs subject people to their flux and change -the sheer force of bodily need or the unpredictability of action -the world holds a unique ability to remain constant and stable. Keeping to boundaries is thus a basic condition of working, but it is also the foundation of all activity: the protective divide between nature and a sturdier artificial world, and the one between the public and the private, by which the realm of action is delineated. For work to produce boundaries, therefore, it must always also impose limitations on itself: to understand the 'natural' limits of its capabilities and to artificially enforce them.
The mastery implied in work -the very opposite of the passive adherence to the dictates of nature that is characteristic of labouring -is key in explaining its ability to protect human identity and freedom. It is derived from the idea of fabrication as the work of a skilled artisan in the isolation of her workshop, 'master of h[er]self and h[er] doings' (HC, 144). Homo faber professes full mastery over the things she creates, killing and interrupting natural processes, extracting nature's materials and transforming them through the work of her hands and specially crafted tools into objects (140). Her mastery includes mental tools -'yardsticks, measurements, rules and standards' (166) -to achieve 'fitness and precision' (144), and is guided by mental images -models and blueprints, which precede and outlast the work process (HC, 141; 96). It also embeds certain values and ideals onto her world view. These are instrumental values, 'entirely determined by the categories of means and ends' (143); an end to be achieved in a finalized product. 16 The proper limit of mastery is always the human-made, making the line between nature and the world a line between that which can and cannot be mastered. Homo faber professes mastery over means as well as ends, but never over nature itself, which precedes all material extracted from it and remains radically different. Her work is inherently destructive, especially towards nature, a justified form of violence completely subordinate to a means/end logic and to the greater human need for stability and protection (HC, 153; 141). What happens, then, when homo faber exceeds the proper bounds of her mastery? For Arendt, this is precisely the story of modernity, as the boundary of life and artifice is challenged by technology, the expansion of automation, the transformation of production and the manipulation of electricity and eventually nuclear power. The problem as she sees it, lies as much in the extension of mastery over nature as it is in the 'naturalization' of the artificial world, the invasion of nature into the human artifice: it lies in the growing non-distinction of work and labour.
Arendt marks the discovery and application of electricity as a decisive moment for the history of technology. Electricity marked a categorical, and therefore dangerous, change in the basic conditions of work. If the forces of nature until that point were manipulated and imitated by the tools of homo faber, electricity was the first force she was able to produce herself, to channel directly into the very artifice which comprises the human world (HC, 148-9). Electricity, moreover, was the herald of much greater forces, which could be unleashed at will but not controlled: an open-ended production process which could no longer be fully contained (150, ff. 13). This particular advance in technology not only compromised the line between a stable world and the immense forces which press upon it from without but introduced another kind of transgression: the loss of complete mastery over the produced object.
The twist in this story is that at the very same time that homo faber vastly extended her mastery, she also lost control of the symbols of her mastery -her tools and machineswhich were completely subsumed under the activity of labour. Manufacture became an endless production process which yielded nothing but consumer goods, 'labor products' (HC, 124) of short duration, to answer the needs of body and species, and many tools were created with the sole purpose of easing the pains of labouring. The very organization of production, along with homo faber's fundamental values, underwent a major shift. While organized work had been divided according to skill and specialization, binding workers 'by their differences' (HC, 124), almost all production following its mass industrialization became a form of divided labour. Finally, the new cultural adoration of comfort, pleasure and sheer production power meant that 'the ideals of homo faber . . . permanence, stability and durability, have been sacrificed to abundance' (HC, 124). The world of machines became little more than 'second nature' and in effect ceased to be a world at all.
Two fundamental limits of work thus emerge from Arendt's discussion of technology and the line between work and labour: the confinement of mastery to the human-made and the deference to things in their finality. Another important condition -a limited public sphere -is revealed through the relation between work and action. Action, which is fleeting and unpredictable, needs work in order to give permanence to its achievements and relations, and provide it with worldly content; it has to have a common world in which to operate (HC, 182; 204). The world, therefore, is not only a barrier against nature and necessity but the stage for action and the space for freedom.
More than any other aspect, it is publicity which exemplifies the mutual dependence, at times dangerous interpenetration, but also the essential difference between work and action. The world, through its permanent constructs, can relate people and separate them, as well as separate and bridge the public and the private realms themselves. Whether an action is remembered or not and whatever its consequences in the 'web of human relationships', it requires visibility and a designated space in which to take place. These spaces may be architectonic, or they may be reified human arrangements, but they require a boundary between the significant and insignificant, the seen and the hidden (HC, 90-1). In this context, fabrication is first and foremost the site of reification, bringing the private and subjective into the public light of human interaction and communication. 17 Reification, for Arendt, is the double emergence of a thought and idea from privacy and subjectivity into publicity and objectivity; it has the power of bridging this fundamental divide without undermining it (50, 56).
Note, however, that Arendt uses the term 'objectivity' here in a sense that is pointed and highly critical, anticipating her broader critique of modern science and its doomed search for an Archimedean point from which to observe the world, in the final chapter of her book. Objectivity here stands for the 'thing character of the world' (HC, 9) as it lays the foundation for a truly open public realm where action and politics can unfold. Public things, or things that have emerged into public view to be seen, heard and used, create tangible and durable positions which define individual perspectives and opinions, positions from which to act. 'Though the common world is the common meeting ground of all', Arendt writes, 'those who are present have different locations in it . . . being seen and being heard by others derive their significance from the fact that everybody sees and hears from a different position' (HC, 57). For Arendt, objective reality, 'the reality of the public realm', is grounded in this ability to converge upon a single object from multiple perspectives, 'the reality rising out of the sum total of aspects presented by one object to a multitude of spectators . . . ' (HC, 57).
Arendt's notion of objectivity, in other words, anticipates contemporary notions of 'perspectival objectivity', which challenge the idea of objectivity as a universal 'view from nowhere.' 18 It also echoes similar ideas among Arendt's contemporaries, Heidegger and Gadamer, 19 and in general, places her among some of the more vocal critics of modern science both then and now, as I discuss at length in the next section. The emphasis on a perspectival reality and a plural public realm, moreover, is not unique to The Human Condition, but is rather an evolving theoretical occupation for Arendt, beginning with her earlier essay, Philosophy and Politics (1954) and culminating in the 1967 essay Truth and Politics. 20 Looking at these earlier texts helps make sense of the centrality of work and fabrication in connection with the ideal of a perspectival objectivity. In Philosophy, Arendt describes the dialogic nature of thinking and the significance of opinion, doxa, as 'what appears to me:' not a subjective stance but the essence of commonality, and later -of objectivity. In Truth, these themes are developed further as Arendt foregrounds her unique take on identification: thinking 'from a place in which I am not'. 'I form an opinion', she writes, 'by considering a given issue from different viewpoints, by making present to my mind the standpoints of those who are absent; that is, I represent them' (Truth, 241). This, for Arendt, is the mode of political thinking.
Perspectivalism, erecting a plural and open public sphere, is one of the more noble functions of work. Importantly, however, perspectivalism is not characteristic of homo faber's world view. Instrumental rationality has a limited scope and a narrow, meansends logic and perspective. The idea of a perspectival reality not only transcends homo faber's limited perspective but warns, as contemporary theorists continue to do, of the dangers of identifying this perspective with the universal, 'objective' point of view (in the colloquial sense) that became the hallmark of modern scientists. For this reason, it is important to remember that work itself relies on a much narrower sense of publicity. Unlike the true openness of a perspectival reality, the public realm most suitable for the creative process of fabrication is a limited public sphere, on the model of the Greek agora.
Following the artisan metaphor, publicity for homo faber consists in the emergence of the finished product from the isolation of the workshop to be displayed in the marketplace. The agora, according to Arendt, was a space for limited human interaction. It was centred on the display of products in their intrinsic use and beauty and of the fabricator's skill, which earned her both material gains and, more importantly, recognition (HC, 159-60). There is, therefore, a great difference between work and action in the type of publicity and organization they require. The artefacts of homo faber most properly emerge into a personalized and local market, 'a public realm of h[er] own' (HC, 159), where skill and use-value (as opposed to value-in-exchange) are on display. All human interaction in this market place, and by extension in the sphere of work itself, is of one kind, and tends towards various degrees of standardization, 'transformed, deprivatized and deindividualized, as it were, into a shape to fit them for public appearance' (50). It is, moreover, the model for all kinds of enclosed and limited public spheres which belong to 'non-political communities', among them scientific communities (160). Arendt has, therefore, two notions of the public sphere: a truly open, perspectival one, and a limited, more intimate and regulated one. 21 The generally overlooked duality inherent in Arendt's notion of publicity might explain, and partially resolve, the controversy around her account of 'the rise of the social': the problematic turn to public housekeeping in the modern state, destroying the public-private divide and politics itself. Though frequently interpreted as a nostalgic, depoliticized and exclusionary notion of the public sphere, overrun by an agonist competitive spirit, 22 the dual notion of the public sphere supports more recent attempts to salvage the rich content of publicity, including the political potential of economic objects, in Arendt's account. 23 While a true public sphere is defined by its openness, many other forms of appearance and publicity rely heavily on exclusion and selflimitation. It was in these more limited, administrative sites that the public-private line had eroded, as action both invaded work and more fully succumbed to its main principles. 24 Before turning to the story of modern science, it is worth dwelling on two moments in the history of instrumental rationality, which, according to Arendt, helped breach the divide between work and action by undermining homo faber's limited public sphere. First, 'the exchange market on which h[er] products [were] displayed' (HC, 162) underwent a qualitative shift, propelled by the exponential growth of markets that brought about a grandscale degradation of things in their autonomy and '"intrinsick natural worth"' (164). Relative, interpersonal exchange values, characteristic of action, replaced autonomous use values. The economic system also introduced remote and interchangeable actors and objects, uniform standards of diminishing local significance, and actions which could no longer be controlled and contained.
The second transgression of work's limited public sphere was the substitution of making for acting, that is, the expansion of the standards of work to the realm of politics. The attempt to order and organize human affairs in direct opposition to their basic conditions -plurality, open-endedness and uncontrollability -had the most devastating results both for action and for the world. This is in fact the locus of Arendt's critique of instrumentality. At least in part a defence, this critique was never aimed at scientists and developers of technology for advancing too quickly for the moral sciences to keep upan approach she denounces at the outset (HC, 46). Only partially related to 'progress', this fundamental breach dates back to Plato's political philosophy and differs from it only in the degree of standardization afforded by modernity. Instead of the flux and unpredictability which mark human relationships, the Platonic tradition preferred standards and rules, a controllable, enclosed system, the 'solidity of quiet and order' (HC, 222) where one 'remains master of his doings from beginning to end' (220). In light of this transgression, freedom was sacrificed for self-sovereignty, power gave way to physical strength and force, and change was no longer a matter of speaking and acting in concert but rather the violent destruction of an old order for the sake of 'making' a new one (228).
Arendt's account of work thus lays out three basic conditions which homo faber must uphold in order to perform her boundary keeping work. These are (1) the deference to things in their finality, (2) the limitation of her mastery and (3) a limited public sphere. While central in the production and protection of borders, order, and a stable, objective in-between for human affairs, homo faber does not have exclusive jurisdiction over the boundaries of the vita activa. Boundaries are not self-evident or 'natural', but rather open ended and, ultimately, collaborative projects. Their dangerous and repeated transgression, particularly in the modern age, raises the need to constantly think and rethink boundaries -a practical, political task, which cannot be left to homo faber alone.
Science and the vita activa
The final chapter of The Human Condition is dedicated to 'tracing modern world alienation to its origin'. It examines how the modern age changed humanity's orientation towards the world, both in thinking and in doing. More specifically, it is the story of the rise of 'instrumentality' to prominence as a world view and practice. The most significant indicators of this new mode thinking about the world are the reversals in hierarchy between the vita activa and the vita contemplativa, and within the vita activa itself. The crux of the modern reversal, heralded by modern science, lies in the idea that knowledge and truth are made rather than given: a form of knowledge produced by people and human devices, rather than given to their senses and mind for contemplation. Modern science, therefore, as a Galilean, experimental and worldly science first and foremost, epitomizes for Arendt the problem she identifies along the boundary of thinking and doing: a growing inability to fruitfully reflect on the outcomes of human enterprise.
Crucially for Arendt, science properly becomes a form of work only in modernity. It wasn't, therefore, its rise to prominence which led to an instrumental age, but rather the ways it incorporated instrumental thinking which made it a world changing force. The great successes afforded science by tools and experiments, on the one hand, and through the enclosing of a distinct and separate sphere in which to operate, on the other, are what made it a powerful model of instrumentality. And it was through the immense influence of science that this ideology, typical of homo faber, could far exceed any of its former roles and replace not only action but contemplation, as the highest form of human thinking and being. 25 The rise of instrumentality Arendt identifies three events as the beginning of the modern age: the discovery of America, the Reformation and the invention of the telescope. All three are inherently worldly, displaying different aspects of the work of homo faber. Two of them, moreover, are directly linked to a new tool-and measurement-based science. Not only the telescope, 'the first purely scientific instrument ever devised' (HC, 249), but the immense project of mapping the earth, mark the ascent of homo faber as maker of tools and standards.
Galileo's invention of the telescope allowed an earthbound being to look beyond her earthly horizon. It thus simultaneously affirmed the human body, its perceptions and its position, while undermining regular sense perception. His 'dramatic' experimental demonstration of the laws of falling bodies further contributed to the alignment of heaven and earth under one set of laws, but also to the adoption of an external point from which to observe the earth (HC, 258) . Finally, the experiment itself, and the central role it was to receive in any future demonstration, gave prominence not only to experience, skilful control, and fact, but to the gradual limitation of all human knowledge to that which could be modelled and mimicked with human instruments (278). Similarly, the new maps and measurements of the earth, followed by innovations in the means of transportation and communication, undid the 'call of the distant' (250), substituting the unexplored horizons of the world with a ready at hand globe.
While the affirmation of 'the certainty of sense perception' (HC, 260) lasted a relatively short while, the implicit rejection of the earthly standpoint grew rapidly and can be seen as one of the primary causes for abandoning any truth that is 'given' to perception. As traditional certainty was overturned, the turn inward had accelerated, epitomized in Descartes' doubt and the reaffirmation of the thinking and doubting mind as the basis of all knowledge. The senses could not be trusted, establishing the prominence of the human-made over the given (279), which Arendt summarized with Heisenberg's famous formulation: in modern science 'man encounters only himself' (261).
Another central aspect of modern science as a form of fabrication is revealed in the fact that its inventions could constitute events in the first place. As a form of reification, fabrication gives tangibility and publicity to an idea, opening it up to the unexpected that characterizes human affairs. But publicity and reception are never uniform, and the kind and scope of public spheres opened up by science varied significantly. The 'difference in relevance' of Galileo's invention of the telescope lay not only in its factual confirmation of earlier speculation but in the different 'publics' and public reactions by which it was received. The excitement, and later despair, brought on by the telescope within the 'numerically small, politically insignificant milieu of learned men' (HC, 258) remained distinct from the response in the general public. The latter's attention was drawn, rather, to Galileo's dramatic demonstration of the laws of falling bodies . . . For what most drastically distinguished the new world view . . . was the assumption that the same kind of exterior force should be manifest in the fall of terrestrial and the movements of heavenly bodies. (HC, 258) In other words, the public was far more impacted by the apparent continuity between heaven and earth than by the thrill, and later dread, of enhanced human capacities.
For Arendt, these reactions continued to fluctuate and influence each other as public spheres continued to be redefined. Her story of world alienation aligns with similar arguments made by contemporaries like Thomas Kuhn and Michael Polanyi, who conceived scientific knowledge in terms of a collective enterprise, which is also limited and exclusive in important ways: a 'normal' science rarely interrupted by true revolutionary events. 26 One of the new science's most notable achievements, and the one which brought it even closer to the ideals of fabrication, was the persistence and relative stability of the scientific milieu. It was the scientific community which gave homo faber the scientist a 'public realm of h[er] own' (HC, 159), a limited public sphere of experts. While it took the world centuries to fully realize the potentialities of the new science and to change accordingly, 'the human mind', claims Arendt, 'changed in a matter of years and decades' (HC, 271) .
The scientific societies (and the Royal Society in particular) were in many senses political organizations, as any organization is, as far as Arendt's classification is concerned:
whether its aim is to act upon society and secure its members a certain position within it oras was and still is to a large extent the case of organized research in the natural sciences -to act together and in concert in order to conquer nature. 27 The great ambitions of the new science in its 'gigantic task' necessitated 'the collective effort of the best minds of mankind' (HC, 278). But the societies were also limited and exclusive forms of public spheres, and in that sense remained mostly apolitical: 'members had to agree to take no part in matters outside the terms of reference given it by the king, especially to take no part in political or religious strife'. This limitation, moreover, 'tempts' Arendt to conclude that 'the modern scientific ideal of "objectivity" was born here' (HC, 278).
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Both aspects of this example are central. First, that 'modern science as "the organization of thought" introduced an element of action into thinking' (HC, 278), and, second, that this organization was limited by definition, protecting homo faber from extending her mastery and skill beyond recognition. This dual characterization of the scientific community further explains how events could take place in the realm of homo faber, that is, through their publicity in growing circles. It also shows how an important component of the scientific community -objectivity, its primary source of validity and its first criterion of truth -is bound to its own self-limitation.
Through their mutual relations and by acting in concert, scientists 'developed their own moral standards and their own code of honor' (324) while becoming 'one of the most potent power-generating groups in all history' (HC, 324). 29 The power of the new, enclosed scientific communities facilitated the reversal between contemplation and the active life, which included the adoption of a new set of values and standards of judgement. The need to 'make sure' or to guarantee a theory 'works' had become commonplaces (HC, 291). The dominance of doing, moreover, and especially of making, meant a severe contraction in the scope and meaning thinking could receive. Thought had come to be completely circumscribed by the kind of doing attached to fabrication and became instrumental in the most literal sense. Philosophy, formerly the guide of contemplation, was now the handmaiden of making; but making 'had no use for a handmaiden' (294).
To 'think what we are doing', in other words, became a discourse of experts, outside of the open public realm.
The transgressions of science
Science not only raised instrumentality to hegemonic status, but, in so doing, transgressed its boundaries, deeply altering the fundamental character of work in its insular and intimate relation to objects. Transgression involved both the objects of homo faber's inquiry and the perspective from which she handled them, well exemplified by the 'original sin' of Galileo's invention. The telescope had 'turned in on itself' only when it led to the adoption of a particular perspective: the Archimedean point. The transgression, therefore, did not lie in exposing the limits of the senses, the lack of distinction between heaven and earth, or the expansion of earthly mastery to the cosmos. Rather, it lay in the convergence of all three in an imaginary, foreign and removed point of view (HC, 263; 284).
The Archimedean point, whether it was located in outer space or internalized, like the Cartesian solution (HC, 284), implied alienation from the earth: the rejection of the human position as embodied, earthbound inhabitants of a world. It also meant the substitution of truly external points of reference, outside of themselves, with conjured up ones of their own making (264). The Archimedean point allowed homo faber to imagine her mastery as cosmic and truly 'universal' and to apply this non-earthly perspective to things done on earth (268). As she turned inwardly for new guarantees of certainty, she found them in the mathematical formulas by which she could describe her internal processes of cognition (266). Newtonian physics, even more than the Cartesian doubt, exemplifies the new hubris by which the laws of the universe -uniform time and spacecould be seen both as absolute and accessible (270).
This new position and perspective had come to homo faber at great risk and costs. Her basic mistrust of the senses, and of any truth which she had not produced herself, eventually eliminated the possibility of a truly common world. It undermined the things of the world as seen and heard, the revelation of people in their unique actions, and of things in their commonness. At least from the perspective of scientists and other 'men of letters', the senses could no longer 'fit man into the reality which surrounds him' (HC, 274) and left people united only through their common processes of cognition, their sameness.
At stake was a multiple transgression of the boundary between labour and work. Work invaded labour by substituting the given with the fabricated, but was itself transformed by it when it gave way to the flow and necessity of cognitive processes. Indeed, we find that Arendt invokes Heisenberg a second time, this time to describe not the fabricated world but the rise of formal logic and other kinds of 'cognitive labor', the necessity of logic, and the process character of cognition (HC, 266). 'Man' now 'encounters only himself' as a labouring body subject to necessity.
Under the sway of the analytic deconstruction of the sensible, scientific work gained a 'vicious', yet highly successful circularity by which projected mathematical reductions yielded predictable results, neither of which were fully explicable (HC, 287; CSSM, 47-8). The status of things, the objects of the mind and the senses, was further undermined by the objects chosen for scientific inquiry. By studying and imitating processes in the lab, by making history -conceived as the process of coming into being -the organizing framework for all sciences (HC, 296), the very objects of science were gradually eliminating any distinction between work and labour, elevating the condition of life, the life of the species, to the status of the highest good (319).
It was through these transgressions that homo faber suffered her ultimate failure, just as conditions seemed 'so extraordinarily propitious' (HC, 312), that is, just as fabrication and instrumentality had become the dominant world view. Within her closed community, the scientist could forgo the most basic human orientation towards the world -her ability to understand the external world as such, and her own explanations of it -while maintaining her ability to manipulate it (HC, 287). The sheer success of this circle, of applicability beyond understanding, provides another explanation for why and how acting eventually found its outlet in science, in the introduction of cosmic forces and processes into nature and earth (268).
Reckoning with a history of transgression
Arendt's story of world alienation is not merely a tale of mutual breaches and invasions between activities, but one which engages the question of historical agency and accountability. Crucially for this story -and for the limitations she points to in science as a form of thinking grounded in making -homo faber never relinquished her attempt at boundary-setting and self-limitation. For one, much of scientific practice, in its methods and tools, kept the limit of human knowledge close in sight. The senses were supplemented by instruments because they were seen as more 'perceptive'. Experiments had limited the scope of scientific explanations to an intentionally reduced model of reality. Indeed, the subjection of Newtonian physics to new limitations of relativity in the 20th century can be seen as evidence of at least an implicit awareness of earlier transgressions (HC, 263), while Heisenberg's principle of uncertainty had reinscribed an observer, and her limits, into the experimental record (CSSM, 52). Finally, the scientific community, prescribing and applying uniform standards and allowing scientists to serve as judges of their own work, kept scientific endeavour under various types of control.
But it was the insufficiency of these attempts to prevent the ultimate collapse of the modern world and the beginning of a new, 'yet unknown', atomic age, that marks the heart of the political problem Arendt identifies in a post-WWII reality. By invoking the work and philosophy of 'public' physicists like Heisenberg, Einstein, Schrödinger and others, Arendt's final chapter joined a wider, primarily German 1950s debate on the place and public role of scientists. In her recent biography of Werner Heisenberg, Cathryn Carson discusses the concept of Verantwortung -the sense, invoked by scientists themselves, of personal responsibility, obligation and power -and the call to 'rebalance the relation between intellect and power'. 30 Arendt's position in this debate is unequivocal. In its self-limitation, post-war science merely exposed the persistent obstacles for an instrumental thinking to reflect on boundaries. 31 The question of the limits of science, she claims at the outset of her book, 'cannot be decided by scientific means; it is a political question of the first order' (HC, 3) .
But what is the political project of boundary-setting and a reflection on boundaries? A political boundary must adhere to the impossibly high standards Arendt sets up for a truly open public realm and a public reckoning with past breaches of the world's common infrastructure. The insufficiency of science lies precisely in its closedness, in the instrumentalism which keeps it confined to means and ends, always project-oriented and increasingly process-oriented. Though the book can be taken as a comprehensive argument against the aptness of scientists -and politicians -for this task, it doesn't elaborate how such a question or project could be approached politically: how the enclosed public spheres of modernity may be opened up to true public judgement and scrutiny.
Still, Arendt does more than merely point out the urgent need to rethink what we do. There are many ways to read The Human Condition as the story of the rise and fall, success and transgressions of its central protagonist: homo faber. With an eye to the book's preoccupation with ancient philosophy and the vita activa in the ancient world, one may want to join Kimberly Curtis in seeing it as a tragic tale. 32 Each transgression, in this reading, is the result of an opposite desire, and the protagonist's eventual fall -an inevitable outcome of thinking itself. It is a tragic catharsis in contemplating humanity's undoing by its own hands. Tragedy, however, offers little in the way of a political, or even practical, solution to the modern problem of transgression. Similarly, an absurdist reading, that takes homo faber as a Kafkaesque figure framed and implicated by an endless and senseless process, 33 is in keeping with the book's themes, but offers even less in the way of a solution.
Instead, I propose a reading that takes as meaningful the physical proximity of the book's account of the modern age and its discussion of forgiveness. Forgiveness offers an important and almost exclusive means by which to relieve blame. As a form of action which undoes previous actions, it is unique in its ability to set a living boundary to actions. Along with promising, it is the ultimate boundary which relates, and it requires a public sphere in which to operate: 'closed within ourselves, we would never be able to forgive ourselves any failing or transgression because we would lack the experience of the person for the sake of whom one can forgive' (HC, 243). This claim may be extended to the scientific community, and the political community in which scientific and administrative 'problems' are defined and 'worked out'. Enclosed on the one hand, and acting on mute nature, on 'populations,' or other semi-public things, it lacks any ability to forgive itself. To relieve homo faber from her tragic fate, she must first find the means to radically open up her closed sphere of reference.
In this sense, The Human Condition acts not exclusively as a defence or an accusation but a form of a trial. It is a trial of history itself which attempts not only to scrutinize plural perspectives and stories but to identify the places of transgression so that they may be contended with, perhaps even forgiven. 34 The book thus constitutes a dual call: to rethink the boundaries of doing and to reckon with the history of alienation as an agent, deed-based history. In that, I propose, it is laying out and engaging in a judgemental history: a form of justice which does not rely on procedural adherence to rules and standards but to the weighing of stories and histories against each other. The telling and writing of a 'judgemental history' can be seen as a model for re-establishing boundaries beyond fabrication, as the product of human relationships.
Conclusion
In this article, I have put forward three main claims: that freedom is bounded by the human condition and the nature of the active life; that an agent-centred history is a history of acts and transgressions, of making and destroying, that calls for reflection and judgement; and that publicity and openness are not synonymous and that confusing the two is dangerous. A thorough reading of two of The Human Condition's more neglected chapters -Arendt's account of work and her account of modern scienceprovides important insights into the kind of boundaries human life must contend with if it is to be free. These are the human-made boundaries that create and sustain a world in common, and those other boundaries, which must emerge from them and are the joint effort of a community not to police itself, but, as I have suggested, to reckon with the consequences of its actions.
Arendt offers us an answer to the question: What kind of a thing is a boundary? Namely, it is a fabricated thing, part of the human artifice and the realm of work, where palpable objects both relate and separate people and spaces, and are the basis of our ability to draw distinctions. Boundaries do not reside in our self-sovereignty, a model Arendt wholeheartedly rejects, but in what self-mastery can produce: a reified idea, a durable object, a common space and a buffer from the processes of birth and decay. These boundaries alone, however, are not enough to protect humanity from its actions and transgressions, those types of doing and thinking which set off unpredictable processes. It is here that her discussion of promising, and especially of forgiving, as the counterparts of action, suggests another kind of boundaries: boundaries that constitute relationships. 35 Human activity, as history shows, is filled with transgressions. Indeed, for Arendt, there is no history without the dramatic shifts and changes in the ways we labour, work and act -without the mutual invasions of these categories, which often undermine their unique abilities to sustain both life and world. These transgressions, however, don't signify a regime of crime and punishment -a set of rigid rules and boundaries of which human progress ought to take heed, and which the political community must enforce. Arendt does not suggest in her account of morbid alienation that electricity, or even atomic energy, should have been abandoned or avoided. Neither can a reader immediately draw conclusions from this model of conditioned being for contemporary advances in artificial intelligence or genetic engineering. The boundaries of the human condition may very well change along with shifting definitions of human life.
Transgression, as I have discussed it in this article, is a site where the political community might become visible to itself through the unique function of forgiveness:
the undoing of what was done seems to show the same revelatory character as the deed itself. Forgiving and the relationship it establishes is always an eminently personal (though not necessarily individual or private) affair in which what was done is forgiven for the sake of who did it. 36 The notion that boundaries are fabricated, in a classification that separates fabrication from action, tells us something about the role rules play within human society, the meaning of self-limitation and how to recognize a familiar threat in new and strange developments. Freedom in Arendt's model relies on self-limitation only when the latter is combined with radical openness. The scientific community, in her 17th-century idealization, offers a contested model of objectivity: it thrives on a relatively intimate, and exclusive, form of publicity and has the power, through its forms of organization, to preserve some of the key elements of a world in common. But it had propelled humanity into a state of world alienation when it confused its highly regulated perspective with a universal view from nowhere, and when its exclusive, limited publicity was, and often continues to be, mistaken for a true public sphere. For this reason, it is not the model for political openness and cannot provide the tools for a political reflection on boundaries. It cannot offer a solution for the crisis of the objective world, which, for Arendt must instead be addressed through the perspectival objectivity of public narration.
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